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By Richard Schorrer and William R. Wimbrow 


SUMMARY 

An experimental inreetlgation was oonduoted to determine the aero- 
dynamic oharaoteristics of models of a tailless, pursuit-type, supersonic 
airplane employing a wing of triangular plan form. Sereral modifications 
of the basic airplane wore tested and data wore obtained at two Reynolds 
numbers at a Mach number of 1.5S. Measurenents of lift, drag, and 
pitching moment were made through an angle-of -attack range of -5° to 
+15°, and measurements of side force, drag, and yawing moment wore made 
through an angle-of -yaw range of -1° to +9°. The wings were equipped 
with constant-chord, trailing-edge elevators; and the vertical fins 
with constant-chord, trailing-edge rudders. The elevator deflection 
angle was varied from 0° to -17.8°. Each of two vertical -tail con- 
figurations were tested with rudder angles of 0° and -9°. 

The elevator effectiveness was fotind to be Independent of angle of 
attack through the range investigated and was found to vary linearly 
with elevator deflection up to a critical deflection angle vdiich could 
be predicted. It was also found that the effectiveness of the elevators 
improved with inoreaAing Reynolds number. The models erfilbited a vao*i- 
ation of drag with lift which was only slightly greater than that pre- 
dicted by theory. 

All of the models tested were longitudinally stable with the center 
of gravl-ty located at 26 percent of the mean aerodynamic chord. How- 
ever, with the center of gravity in this position, all the configurations 
were either directionally \mstable or exhibited a degree of stability 
that appears to be marginal. 


INTRODUCTION 

A wing of triangular plan form with its apex forward appears to bo 
suitable for certain types of supersonic aircraft because theory indi- 
cates that such a wing should have satisfactory subsonic and supersonic 
stability characteristics and low supersonic wave drag. (See roferenoes 
1 and 2.) Recently the NACA has completed an experimental investigation 
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of -wlngB of this type* (See reference 3*) Although theory and experi- 
ment indicate satisfactory characteristics for irings of triangular plan 
form, the effect of adding a fuselage and controls to this type of 
wing requires further investigation. Several types of trailing-edge 
flaps on triangular wings have been tested in the transonic range and 
the results of this investigation are reported in reference 4. How- 
ever, the Imowledge of control characteristics of such wings at super- 
sonic speeds is still very limited. 

The present investigation was xmdertaken to detennine the aero- 
dynamic characteristics at a Mach n\mber of 1.53 of several configvura- 
tions for a tailless, pursuit-type, supersonic airplane employing a 
wing of triangular plan form, and also to determine the control charac- 
teristics of constant chord elevators at the trailing edge of such a wing. 


SYMBOLS 


The following symbols and aerodynamic coefficients (referred to 
the wind axis) have been used herein: 



drag coefficient 
lift coefficient 



change in Cl due to elevator deflection 
pitching -moment coefficient ^ 

pitching-moment coefficient referred to the 50-percent 
M,A.(J. station 

change in Cjjj, due to elevator deflection 

■5 

pitching-moment coefficient referred to the 25-percent 
M.A.C. station 

yawing-moment coefficient referred to the 50-percent 
M.A.C. station 


yawing -moment coefficient referred to the 25-percent 
M.A.C. station 

side-force coefficient ^ 

mean aerodynamic chord, y, inches 


q 


dynamic pressure, pounds per square foot 
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M liaoh number 

S total wing 8krea« stjuare inches 

Se exposed plan 8urea of elevatorSf square inches 

a angle of attack, degrees 

Qg rate of change of angle of attack with elevator deflection 

at a constant lift coefficient 

5 elevator deflection angle, degrees 

Sj, rudder deflection angle, degrees 

angle of yaw, degrees 

Configuration Symbols 
Bg body with sharp-nose duct entrance 

body with open duct entrance and 12® exterior nose angle 
K pilot's canopy 

single vertioail fin and rudder 
Vg twin vertical fin and rudders at the wing tips 

WgQ basic triangulaur wing with 60® leading-edge sweepback 

WgoF modified triangulair wing with leading-edge fillets 

APPARATUS 

Wind Txninel and Balance Equipment 

The investigation was conducted in the Ames 1- by 3— foot supersonic 
wind tunnel No. 1. This wind tunnel is temporanily equipped with a 
fixed noztle designed for a Uanh number of 1,5 with a 1- by 2^foot test 
section. The tunnel, balance, and other instrumentation are described 
in detail in reference 5, However, in the present investigation, pitch- 
ing moments were determined by measuring the bending moments in the 
sting support with a strain gage instead of measxiring the reactions on 
the main balance springs as described in reference 5, This change 
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introduced a considerable improvement in the accuracy of the moment 
measurements • 


Models 

The airplane model tested is an example of a pursuit-type airoraTt 
intended for flight at supersonic speeds. Three-view drawings of the 
various configurations tested are shown in figure 1 and photographs of 
the models are shown in figures 2 through 5. The airplane has no hori- 
zontal tail and has a fuselage which is large relative to the wing. 

This size relationship is dictated by the large volume-weight ratio of 
the ram- Jet engine that is to be installed. 

The basic wing is an equilateral triangle in plan form and has no 
dihedral. An NACA 65i-006.5 airfoil section is used at all spanwise 
stations. A modified triangular wing with leading-edge root fillets 
(fig. 5) was also tested. Control surfaces of constant chord (fig. l) 
that extend across the entire trailing edge of the wing are to provide 
longitudinal and lateral control. The elevator deflections were 
obtained by making a series of similar wings and bending the appro- 
priate portion of the trailing edge of each to the desired angle. 

Two vertical fin-rudder configurations are proposed to provide 
directional stability and control. One configuration (fig. 2) has a 
large triangular fin with a constant chord rudder and a small ventral 
fin. Like the wings, the angle of sweepback of the fin leading edge 
is 60°. The other configuration has twin wing-tip fins, also with 
constant chord rudders as shown in figure 3. They too are modified 
equilateral triangles^ the lower comer having been cut off to provide 
ground clearance. 

Two body configxxrations were tested. One incorporated a shook dif- 
fuser having a 50° cone at the duct entrance, as shown in figures 2 and 
3. The angle of the duct lip was also 50° and the minimum cross- 
sectional area of the duct occurred at the entrance. The second body 
haul an open-duct divergent entry, the exterior of which was formed by 
fairing a truncated 12° cone into the cylinderical Aiselage as shown in 
figures 4 and 5. The minimum duct area of this configuration also 
occurred at the entrance, but unlike the previous configuration no super- 
sonic compression was employed. The latter body was tested both with 
and without a pilot's canopy. (See fig. 4.) 

The models were assembled from interchangeable components that 
attached to an inner body which was drilled to fit over the end of the 
sting support and thereby provided a means of attaching the model to the 
balsuace beam. The sting was shielded from aerodynamic forces by a 
shroud that extended to within one-sixteenth inch of the base of the 
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loner body. Thie gap allowed the neoessary longitudinal notion result- 
ing from the deflection of the drag gages. An orifice was provided in 
the sting adjacent to the base of the inner body to measure the pressure 
acting on the base. 


METHODS 
Test Methods 

In the first phase of the tests, aerodynamic forces and moments 
in pitch were determined through an angle-of-attack range of -6® to 
+ 5°, the normal deflection range of the balance beam. In the next 
phase, the angle-of-attack range was extended from 6° to 16 by 
replacing the straight sting support with a sting having a 10 initial 
angle. Photographs of models installed for both of these phases 
appear in figure 6. In each test lift, drag, and pitching moments 
were mefisured in 1® emgle-of -attack increments. As a result of the 
deflection of the balance beam and the sting, the low angle-of-attack 
range of the model was slightly greater than the range of the beam. 

At the high positive angles of attack, the forces acting on the model 
were great enough to deflect the sting until it fouled against the 
surrounding shroud. This prevented angles beyond 10® or 12 from 
being attained at the high dynamic pressure corresponding to the 
larger Reynolds number. 

In the third phase of the test program the various configurations 
were tested through an angle-of-yaw range of -1® to +9®. This was 
accomplished by mounting the models in the tunnel with the span of "the 
wings in a vertical ^lane as shown in figure 6(c) and by using a 
sting with a 4® initial angle. Side-force, drag, and yawing moment 
were measured at 1® increments of tuigle of yaw. 

In all three phases, the angle of attack (or angle of yaw) of 
the model under load was measured with a vertical cathetoneter and, 
as a check, was also calculated from the measured lift (or side 
force) and a predetermined spring constant for the balance beam and 
sting. Both of these methods are described in reference 3. 

All models were tested at two Reynolds numbers, 0.71 X 10* and 
1.13 X 10®, based on the mean aerodynamic chord of the wing. The 
Reynolds number variation was obtained by vairying the total pressure 
in the wind tunnel. 


Method of Analysis 

All measvired forces were reduced to standard dimensionless 
ooeffioients and, to facilitate comparisons, coefficients for all 
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eonf igxiratlons were based on the dimensions of configuration B, . 

These dimensions are given in table I. 

All drag data have been eorreoted for the effect of the pressure 
acting on the base of the inner body. 

In order to reproduce as closely as possible the flow oonditions 
that would exist over the exterior of the full-soale airplane, it was 
necessary to provide for air flow through the internal duot of the model. 
It was considered inpraotieal. however, to design the interior of the 
model to correspond exactly to the interior of the actual aixi>lane. 
Therefore, to apply the results obtained from the model tests to actual 
flight conditions it is necessary to subtract the increment of drag 
caused by the internal flow in the model from the total xseasured drag 
and replace it with a value corresponding to the internal drag of the 
actual airplane. An approximate value for the internal drag of the 
models utilizing the Bg duot entrance was obtained in the following man- 
ner: First the drag of the Bg fuselage without wings or vertical fins 

was determined experimentally. Then the 50^ entrance oone of the Bg 
entrance was replaced by another oone that eonqpletely plugged the duot 
entrance. This eliminated the inteinal flow and consequently tiie in- 
ternal drag. To reproduce the original drag or pressure distribution 
over the exterior of the fuselage aft of the cowling lip. two oonditions 
had to be met: first, the stream azigle at the lip had to be tiie same as 

?rith the normal entrance, and second, the pressure at the lip had to be 
the sane. According to calculations 'tiie first oonditlon required a 
cone to block the passage and the second a 48° oone. Since both condi- 
tions could not be fulfilled simultaneously* the fuselage was tested with 
both cones. The pressqre drags for the 39”, 48°, and 50° nose cones 
wore calculated by the method of Taylor and Uaoooll. (See reforenoe 6.) 
The internal drag was then assiuned to be given by the following equation: 

^internal = ^Bg _ ^^Bgg-^^e-Daeb) (PB^g“Pae“P*eb) _ 

2 

irtiere 

^Bg measxired drag of Bg fuselage with normal 60° oone 

Dg measured drag of fuselage with 39° oone 

39 

Dn measured drag of fuselage with 48° oone 

48 

D 3 g calculated drag of 39° cone 

D^g calculated drag of 48° oone 

D^o calculated drag of 50° oone 
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measured iMise 
measured base 


drag of fuselage with 50^ oene 
drag of fuselage with 48^ oone 


Preoision of Beaults 

The accuracy of the e:qpertmental data can be determined by esti- 
mating the \moertainty of the individual measurements which enter 
into the determination of the final results. The over-all unoertainty 
of ary given parameter can then be obtained by geometrio summation of 
the unoertainty of each of the factors entering the final value of 
that parameter. This method of aoouraoy analysis « described in detail 
in reference 5. has been applied to the determination of the aero- 
dynamic coefficients fcr this investigation. Slnoe the aoouraoy of 
the results varies nonuniformly with the magnitude of the forces 
involved (as described in reference S). an analysis was made for the 
arbitreiry values of 0.2 lift coefficient, 0.06 drsig coefficients, and 
0.01 moment coefficient. These coefficients are intermediate values 
obtained for the Bg Wqq Vi configuration with no elevator deflection. 
The following values for the uncertainty of the lift, drag, and 
moment coefficients were obtained) 

Cl and Cy ± 0.005 

Cp ± 0.001 

and ^m^ i 0.004 
T T 

The major factor 'contributing to the xmoertainty in the moment 
coefficient was the difficulty in accurately determining the distance 
between the effective center of the sting moment gage and the centroid 
of the wing. An error in the measurement of this distance introduces 
an error in the measured moment coefficient that is constamt for that 
particular model installation. Consequently the slopes of the moment 
curves can be determined much more accurately than can the actual 
numerical values of the coefficient. This is demonstrated by the 
abrupt discontinuities 'Uiat occur in the momsnt curves at the point 
where the change is made from the data obtained with the low angle of 
attack, straight sting, to that obtained with the high angle, bent 
sting. 

As in reference 3, the uncertainty of the angle-of-attack measure- 
ment is ±0.15^ and the Uaoh number may vary by ^0.01. 

The average Reynolds numbers for the investigation are 1,150,000 
and 710,000, but due to variations in tunnel pressure and tenq>erature 
the actual value may vary from one test run to another by :i20,000. 


8 


NACA RM No. A7J05 


The determination of the actual deflection angles of the control 
surfaces vra.s made extremely difficult by the small size of the models 
and the fact that these surfaces were bent rather than machined to 
the desired angle. As a result there was a bend radius rather than a 
definite hinge line. However, the elevator deflections were measured 
carefully at six vmiformily spaced stations across the span of each 
wing and the average of these six measurements is used in presenting 
the data. It is believed that the individual measurements were accurate 
to ±0.05° but the values for the various stations across the span of a 
given wing varied by as much as ±2° from the average values. 

The rudder-deflection angles were subject to variations similar 
to those of the elevators sind, in addition, the chords of the rudders 
were not constant throughout their length. Consequently no atten5>t 
was made to measure the rudder-defleotion angles with a high degree 
of accuracy and the nominal value of -9° for the effective deflection 
angle of both rudder configoirations is subject to an uncertainty of 
at least ±1°. 


RESULTS AND DISCUSSION 
Tests in Pitch, Controls Neutral 

The veuriations of lift, drag, end pitching moment with angle of 
attack were determined for all configurations (table II) through an 
angle-of-attack range of -5° to +16°. In this portion of the investi- 
gation all the configurations were tested with neutral elevators and 
rudders. 

The internal drdg coefficient for the Bg configiurations was 
determined at zero angle of attewjk by the previously discussed method 
and is plotted in the appropriate figures. The internal drag correc- 
tion is assumed to be constant for angles of attack up to 5°. 

Configurations Bg and Bg Wgg .- The data presented in figure 7 
indicate that the body represents the major portion of the drag of 

the paxticular coxifiguratlon. The lift-curve slope ( *^^L . 0.045^ 

of the Bg VJgQ configuration is in general agreement with that obtained 
for a siMlar plan-form wing in the investigation reported in reference 
3. The pitching -moment coefficient e^diibits a definite nonlinear 
variation with changing angle of attack. As a result the neutral 
point vsjried with angle of attack. Because of this effect, the moment 
data are shown for two center-of-gravity positions (26 percent smd 
50 percent M.A.C.) rather than moment cuarve slope as a function of 
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conter-of-gravity position.' The wing-body oombination is slightly 
unstable at zero lift with the center of gravity at the 60-percent 
M.A.C. position. 

A oompsLrison of the curves of figure 8 indicates that the meas- 
ured drag is only slightly g reater than would bo predicted ty the 
linear theory, considering leading-edge suction. This result is not 
in agreement with the data presented in reference 5 for a wing of 
similar plan form but with an isosceles triangle for -the airfoil 
section. Part of the apparent leading-edge suction effect shown in 
figure 8 is undoubtedly due to the use of subsonic airfoil section. 
However, it is possible that there is a favorable interaction between 
the wing and body pressure fields because of the size of the body in 
relation to the wing. This latter possibility is indicated by the 
small drag increment at zero lift between the drag of the Bg and Bg 
configurations. (See fig. 7.) The results of the present investiga- 
tion indicate either leading-edge suction or wing-body interaction 
effects but do not indicate which effect predominates or why. F\irther 
research is necessary to provide an answer to this question. 

Configurations Bg Wg q and B^ a •* A comparison of the 

data in figures 9 and 10 reyeals that Ihe configuration utilizing the 
B];g body has approximately 20 percent less measured winlimnn drag than 
the otherwise similar configuration with the Bg body. Althovigh the 
internal drag of the Bia body may be lower than that of the Bg body, 
this could not be expected to account for the entire difference in 
total drag because the internal drag of the Bg body is about 25 
percent of the total drag of the complete configuration. The duct- 
entrance areas for the B^ and Bj^, configurations were almost identical 
but the entrance conditions were sufficiently different so that Ihe 
interaal air-flow rate for the Bg body was of the order of 26 percent 
greater than that of the Bj,a body. Although this might indicate a 
greater internal drag for the Bg configuration, the xmknown differences 
in internal pressure due to the duct shapes and internal friction make 
any general oonoluslons Impossible. 

The sohlleren photographs of the two configurations (figs. 11 
and 12) offer a possible explanation for the higher drag of the Bg 
configurations. Figure 11 shows that the bow shook wave of the 
Wg Q configuration is attached to the entrance lip and is 
completely swallowed by the duct. Figure 12 shows that a normal shook 
wave stands off the lip of the Bg entrance. An entrance of this type 
is most efficient when the shock wave originating at the nose of the 
entrance cone intersects ~the lip of the entrance, when the lip angle 
of 'the en'trance is identical with 'the local s'tream angle, cuid 'idien 
the lip tapers to zero thickness. None of these conditions 'were met 
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in the model tested and consequently, as is shown, the normal shock 
wave was slightly detached from the duct lip. 

The lift-curve slope of the wing-body combination (Bg TA^q ) was 
vmchanged by the addition of the vertical tail, and the miniTnum 
drag coefficient was increased by only 2 percent. The pitching- 
moment-ooefficient ctirves 8a*e nonlinear and indicate a small degree 
of instability at sero lift about the 50-percent M.A.C. center-of- 
gravity position and a definite degree of stability about the 26- 
percent M.A.C. center-of-gravity position. The shape of the moment 
curves is such that the longitudinal stability would increase and 
then decrease with increasing lift. 

The lift-curve slope for the configuration is the same 

as that for the Bg Wg^ Vj^ configuration, but the longitudinal stabili-ty 
is slightly less. 

Configuration Bg Vg .- Comparison of the data in figures 9 
and 13 shows tiiat the drag of the single-fin and twin-fin configvira- 
tions are almost identical, however, the lift-curve slope of the twin- 
fin configuration is 0.002 less than that of the single-fin configura- 
tion (0.045), based on the same wing area. This change can be 
accovmted for by consideration of the change in wing area (table l). 

The change in vertical-fin configuration had a negligible effect on 
the longitudinal stability. 

Configuration \o .■ The Wgo F wing incorporates leading- 
edge fillets wiiich were designed to decrease the wavfe drag of the root 
of the basic wing. Comparison of figures 10 said 14 shows that the 
addition of these fillets had no measvirable effect on the drag or 
lift-ourve slope and that "the complete model with the WgoF wing was 
less stable longitudinally due to the forward movement of the center 
of pressure. Either the wave drag was not decreased as expected or 
the effect was counteracted by the increase in friction drag of the 
additional surface area and ly minor differences in the internal drag. 

Configuration ^ KW ^a*" ^ comparison of the drag ciorves of 

figures 10 and 15, neglecting the drag increment due to the change in 
tail configuration, shows that the drag increment due to the pilot's 
canopy is approximately 6 percent. of the measured drag of the 
®l 3 o ^ configuration. The lift-curve slope and longitudinal 
stability were imaffected by the addition of the pilot's canopy. 


Tests in Yaw 


The data obtained from the yaw tests are shown in figures 16 to 


NACA RM No. A7J05 


11 


19 inclusive. The variation of drag, side force, and yairiug-nioinent 
coefficients with angle of yaw for the Bg W^q configuration is shown 
in figture 16. The wing -body combination is definitely directionally 
xmstable, but the addition of the vortical tail causes the air- 
plane to be directionally stable at least about the 25-percent M.A.C. 
position. (See fig. 17.) The Vg vertical-fin configuration was not 
as effective as the configuration smd did not cause the airplane 
to be directionally stable. (See fig. 18.) 

The Bi 2 Wqo configuration was directionally vuistable about the 
25— percent M.A.C. point and the addition of the pilot’s canopy caused 
the airplane to be even more directionally unstable. (See fig. 19.) 


Elevator euid Rudder Effectiveness 

The Bg W configuration was tested in pitch with rudder 

neutral and elevator deflections of 0°, -6.5°, -9.9° and -17.8°| 
in yaw with elevators neutral and rudder deflections of 0° and -9°. 

The Bg Yfgo Vjf configuration was tested in pitch with rudders neutral 
and elevator deflections of 0° and -10.9°; and in yaw with elevators 
neutral and rudder deflections of 0° and -9°. 

The effect of a detached bow wave, iriiioh would occur in flight 
at certain power settings, on the stability and control of the 
Bg Vj oonfiguration with -9.9° elevator deflection is shown in 
figure 20. A 0.875-inch diameter washer was installed between the 
entrance cone and the inner body of the model with the result that 
the shock wave originating at the duct lip detached and moved fonrnrd 
onto the entrance cone about half way to the cone tip. The three- 
component data from this tost are shown in figure 20(a). The lift, 
drag, and pitching-moment data for the configuration with the normal 
internal flow are shown for comparison in figure 20(b). A comparison 
of the two figures indicates that there would be no stability or trim 
change due to the fonrnrd movement of the shock wave, but that the 
minimum drag would increase by 28 percent for the particular condition 
of internal blockage which was tested. 

Figures 21 and 22 show the variation of lift with angle of attack 
for various elevator deflections for the Bg and Bg Wgg Vg 

configurations, respectively. The data are presented for the 
®s ^'(so configuration at two Reynolds numbers. These data are 
cross-plotted in figures 23 and 24 to show the variation of lift with 
elevator deflection. 

Figures 25, 26, 27, and 28 show the variation of pitching moment 
with angle of attack for the various elevator deflections for the 
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Bg Vigo \ ajid Bg \('eo configurations. In figures 25 amd 26 the 
moments are taken about a point at 50 percent of the M.A.C., in 
figures 27 and 20 at 25 percent of the M.A.C. As before the data 
for the Bg ’*VgQ configuration are presented for two Reynolds 
numbers. The data from those curves are cross-plotted in figures 29, 

30, 31, and 32 to show the variation of pitching moment with elevator 
deflection for the various angles of attack. 

The effect of approximately -9° rudder deflection on drag, side 
force, and yawing moment for the Bg W 0 O configuration is shown in 

figure 17. Similar data for the Bg Wgo configuration are shown in 

figure 18. Comparison of the two figures shows that the Bg Wgo 
configuration has the greater rudder effectiveness; the change in 25 
percent M.A.C, yawing-moment coefficient per degree of rudder deflec- 
tion being approximately -0,0003 for the Bg Wgo Vi configuration and 
-0.0002 for the Bg Wqq configuration. 

The wing-elevator combination and the vertical fin-i^dder combi- 
nation of the airplane tested in this investigation are very similar 
in that they sa*e both triangular plan-form airfoils with constant- 
chord flaps. Therefore, the aerodynamic characteristics should bo 
similar and any theoretical treatment that can be applied to one 
should bo equally applicable to the other. 

Considering the elevators, inspection of the curves reveals that 
both lift and pitching moments exhibit a variation with angle of 
attack that is essentially linear. The rate of variation appears to 
be independent of elevator deflection. Lift and moment also vary 
linearly with elevator deflection up to a deflection angle of approxi- 
mately 13°. Above this angle of deflection the effectiveness of the 
elevator decreases. This critical angle can be predicted from the 
characteristics of two-dimensional oblique shook waves. 

It can be shown that on oblique shook wave cannot exist beyond a 
certain limiting flow deflection angle, which is a function of the 
stream Mach number, Tlierefore it would be expected that when the 
elevator is deflected sufficiently to produce the critical flow deflec- 
tion angle, the oblique shock at the leading edge of the elevator would 
detach ^d become a normal shock wave ahead of the elevator. Calcula- 
tions indicated that the shock wave detachment would occur at 12.5° 
elevator deflection at a Mach nxunber of 1.53. 

The commonly used parameters of elevator effectiveness that can 
be evaluated from the data obtained in this investigation are the 

slope of the lift-elevator deflection curve _L and the slope 
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of the pitching-moment elevator-deflection curve 


dCm 

567' 


A third 


ACt 

parameter ag may be obtained by dividing ^ 


lift-curve 

“6 — 66 ' - 

sXope _ii. These slopes were measured at 6e-0® but, because of 
^ Ca 

the linear nature of the curves of the basic data, the values tabu- 
lated below may be assumed to apply over the entire angle -of-at tack 
range investigated and for elevator deflections up to 12®# 


The effectiveness of the constant-chord elevator for the complete 
triangular wing can be predicted verv olosely by an application of 
Ackeret*s theory# (See reference ?•) The application of this theory 
depends on two assumptions s (a) that the elevator is essentially a 
rectangular flat plate with no end effects, end (b) that no interaction 
occurs between the elevators and the wing# With these assumptions, 
the change in lift due to the elevator deflection is given by the 
following equation: 

^e fe 



The change in the 50-percent M.A.C# pitching moment is given by: 

26 e 




T e 


57.3 y/lf 


S n’’ S ^ 


Values of the effectiveness parameters obtained are given in the 
following table: 


Configuration 

Bs Wso Va 

Bs Wso 

Bs 



(Experiment) 

(Theory) 

Reynolds Number 

1.13 X 10* 

0.71 X 10® 

1.13 X 10® 


dCL 

0.0069 

0.0076 

0.0087 

0.0096 

d^e 





«6 

.157 

.167 

.191 

.211 * 


-.0033 

-.0037 

-.0040 

-.0040 

66 e 




iSe 

-.0061 

-.0058 

-.0060 

-.0064 


dCL 

da 


♦ E xperimental 


used in determining this value. 
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Figure 33 shows that the experimental data agree with the theory 
up to the critical deflection angle discussed previously* The good 
agreement between theory and experiment is partially due to the com- 
pensating effect of neglecting both the loss of lift at the elevator 
tips and the carry-over of the additional lift pnto the fuselage* 


The theoretical equations do not include viscosity effects and 
comparison of the various effectiveness parameters shows that the 


moment-producing effectiveness 


6Cm 

567 


which was predicted most closely 


by theorj’^* varied very little between the two Reynolds numbers at 
which tests were made* On the other hand there is considerable 


variation in the lift-producing effectiveness with Reynolds 

uo e 

number, but the trend is such that the theory should more closely 
predict the measured value as the test Reynolds number increases 
toward full-scale values. 


A comparison of the effectiveness parameters in the foregoing 
table, based on the area of the full triangular wing, indicates that 
the installation of wing-tip fins had an adverse effect* When the 
chemges in wing and elevator areas are considered, however, the 
elevator effectiveness is unchanged* 


CONCLUDING REMARKS 

• 

The effectiveness of constant-chord trailing-edge elevators on 
a triangular plan-form wing was found to be independent of angle of 
attack through the range investigated and the effectiveness was 
found to vary linearly with elevator deflection up to a critical 
angle which could be predicted. It was also found that the elevator 
effectiveness increased somewhat with increasing Reynolds number 
with corresponding improvement in the agreement bel^en experimental 
and theoretical elevator effectiveness* 

All the models tested were longitudinally stable with the center 
of gravity located at 25 percent of the mean aerodynamic chord* How- 
ever, wl-Oi center of gravity in this position, all of the configura- 
tions were either directionally unstable or exhibited a degree of 
stability that appears to be marginal* 

The models tested exhibited a variation of drag with lift which 
was only slightly greater than that predicted by theory. Additional 
research is necessary to determine whether the indicated forward 
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rotation of the resultant force rector is due to the airfoil section 
characteristics or to farorable wing-body intercujtion. 


Aims Aeronautical Laboratory, 

National Adrisoiy Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLB !•- VODSL DDfSNSIOHS 


Configuration 

BsHio^i 

®S^0^8 

Total wing araa. iq in. 

15.19 

12.72 

Total alavator araa. aq in. 

2.08 

1.68 

Total Tartical fin araa. sq in. 

2.00^ 

2.05 

Total ruddar area, iq in. 

0.548 

0.562 

V.A.C. length, in. 

5.16 

5.28 

Span. in. 

5.52 

4.48 

Orar*all length, in. 

7.55 

7.86 

fuselage diameter. *ln.« 

1.51 

1.81 


^noludlDg Tvntral fin. 


TABLE II.- IlDEI OF FIGURES 


Data 

Reynolde 

Ihiiber 




Configurations 



X 10“® 

B. 

®a^o 

®a^60^i 





Bia^Tfeo^i 

Variation of lift» drag^ and pitching 
maaent vith angle of attack with 
neutral oontrole* 

• 

1.18 

7 

7 A 8 

9 

13 ~ 

10 

14 

15 


Variation of side force, drag, 
yawing moment with angle of yaw. 

1.18 


16 

17 

18 

19 



19 

Variation of lift with angle of attack 

•71 



81a 






for Tarioue elcTator dcfleotioKia, 

1.18 



21b 

22 





Variation of lift with elewator 

.71 



23a 






defleotion ai^le. 

1.18 



23b 

24 





Variation of 50-perecnt M.A*C, pitching 
moment with angle of attack for 

.T1 



2Sa 






warioue elewator dcflootiona. 

1.18 



28b 

26 





Variation of 26<^roent M«A«C, pitching 
moment with angle of attack for 

.71 



27a 






Tarioue elerator deflcotione. 

1.18 



27b 

28 





TKTlatlon of 50-poro«nt M.A.C. pltehlag 

.T1 



29a 






araont with olrmtor dofloetiom. 

1.18 



29b 

80 





Vhriation of 25«pcroent M«A,C« pitching 

.T1 



81a 






moment with clcTator defleotiom. 

1.18 


8U> 

82 
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Fig . 1 a 




(a) Qonfiguration ^ 

Figure /. - Three-view drawings of the models investigated. 


Fig . 1 b 
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(b) Configuration 


Figure / - Continued. 


1.31 
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Fig . 1 c 



-3.15“ 

3.94'- 

7.35'- 



(c) Configuration B W V . K, and F 

iZ 60 ! 


Figure!. - Concluded 


k/^H h/.j/ 
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Fig. 2 a , b 



(a) Plan iriew. 



(b) Side Tiew* 

Figure 2*- The l/64-aoale model of configuration 
Bs Weo Vi -6e = 17.8°. 



I 
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Fig. 2 c , d 



(o) Front view 



(d) Three-quarter view. 
Figure 2.- Concluded. 





I 
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NACARMNO.A7J05 Fig. 3a. b 



(a) Plan vieir* 
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(b) Side View* 

The l/64-8oale model of configuration BgWeoV2-*e=0°* 


' Figure 3*- 
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Fig 3 c , d 



(o) R:ont Tiew# 
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Figure 3*- 


(d) Three-quarter view 
Concluded* 
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Fig. 4 a , b 



(a) Plan view. 



(b ) Side Tiew* 

Pigxjre 4«- The l/64-scale model of configiiration BiaKWooVi- 60 =O®* 
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Fig . 4 c , d 




(o) F^ont view. 



(d) Three-quarter view 
Figure 4*— Concluded* 
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Fig. 5 a , b 



(a) Plan view* 



(b) Side view* 

Figure 5*- The l/64-soale model of configuration Bi2TJ^eoFVi-*e=0°« 
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Fig . 5 c , d 


\ 




(o) F^ont view. 



(d) Three-quarter view* 
Figure 5*- Concluded* 
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Fig. 6 a , b 




(b) High angle- 0 f Attack installation* 

Figure 6.- Configuration BgWeoV i installed in the Ames 1- by 3-foot 

supersonic wind txmnel 


6R 
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Fig 



Pigxire 6«- 


(c) Angle-of-yaw installation* 


Concluded* 





Figure 7.- Variation of drag, lift, and pitching- moment coefficients with angle of attack for 
the fuselage atone (Bg) and the wing and fuselage (BgWgQ) at 1.13 X Reynolds number. 
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Figure 8.- Variation of drag coefficient, angle of attack, and pitching -moment coefficient with 
lift coefficient for the wing and fuselage (BsW^o) at 1.13 X iO^ Reynolds number. 
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Figure 9 - Variation of drag coefficient, angie of attack, and pitching -moment coefficient 
with lift coefficient for configuration BsW^qVi - 6^=0^ at 1.13 X iO^ Reynolds number. 

nO 


NACA RM No. A7J05 Fig. 



Figure 10 - Variation of drag coefficient, angle of attack, and pitching - moment coefficient 
with lift coefficient for configuration BigWo^V, - 6^-0^ at' 1.13 X iO^ Reynolds number. 
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NACA RM No. A7J05 


Fig. 11,12 



Figiire 11*- Profile schlieren photograph of configuration 
at 1*13 X 10® Re3molds number* 



Figure 12 •- Profile schlieren photograph of configuration BsW^oVi 
at 1.13 X 10® Reynolds number# 


-3 
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Figure 13 Variation of drag coefficient ^ angle of attack, and pitching-moment coefficient with 
lift coefficient for configuration ^o^ X 10^ Reynolds number. 


NACA RM No. A7J05 Fig. 13 



Figure /4. - Variation of drag coefficient, angle of attack, and pitching-moment coefficient ' 
with lift coefficient for configuration B^gWgoFVi - S^-O* at U3 X iO^ Reynolds number. 



Figure t5. - Variation of drag coefficient, angle of attack, and pitching- moment coefficient 
with lift coefficient for configuration KW^o ^ U3 X iCf Reynolds number. 
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F/gure 16. - Variation of drag, side-forCe, and yawing-moment coefficients with angle of 
yaw for the wing and fuselage (8$ %o ^ ^If^out vertical fin at /. 13 X iO^ Reynolds 
number. 
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Figure !7. ~ Variation of drag^ side-force, and yawing-moment coefficient with angle of 
yaw for configuration Bg W^V, - B,--0' and -9' at U3 X fO* Reynolds number 
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Figure Id - Variation of drag, side -forces and jawing -moment coefficients with angle of yaw 
for configuration B,%oV^-6r=0^ and -9 at 1.13X10^ Reynolds number. 
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Figure !9.- Variation of drag^ side- force , and yawing -moment coefficients with angle of yaw 
for configurations B,z W^oV, and B,^FWg^V, - 6r =0^ at /. 13 X !0^ Reynolds number. 
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(a) Internal flow partially blocked 

Figure 20. - Variation of drag coefficient, angle of attack, and pitching- moment coefficient 
with lift coefficient for configuration Bg W^qVi ~9.9^ at 1.13 X 10^ Reynolds number. 
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Figure 20. - Concluded 
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Fig . 21 a 
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Figure 2i. - Effect of elevator deflection on the variation of lift 
coefficient with angle of attack for configuration 
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Fig . 2 1 b 



Figure 2!, - Concluded, 


Fig . 22 
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at U3 X !0^ Reynolds number. 
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Fig . 23 a 



(a) 0. 7! X 10^ Reynolds number. 

Figure 23. - Variation of lift coefficient with elevator deflection 
at several angles of attack for configuration 6$ Vj ^ 


Fig . 2 3 b 
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Figure 23. ~ Concluded. 
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Fig. 24 



Figure 24.- Variation of lift coefficient with elevator deflection 
at several angles of attack for configuration BsWqqV 2 at 
/. /J X 10^ Reynolds number. 


Fig. 25 a. b 
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Figure 25. - Effect of elevator deflection on the variation of 
50 percent m.a.c. pitching-moment coefficient with angle 
of attack for configuration BgHigpl/f. 
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Fig. 26 
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Figure 26 ~ Effect of elevator deflection on the variation of 
50 percent m.a.c. pitching -moment coefficient with angle 
of attack for configuration BgWgoVg at U5 X tO^ Reynolds 
number. 
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(a) 0.7! X lOS Reynolds number. 

Figure 27. - Effect of elevator deflection on the variation 
of 25 percent m.a.c. pitching - moment coefficient with 
angle of attack for configuration Bgl^o 
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Fig . 27b 



(b) U3 X 10^ Reynolds number. 
Figure 27.- Concluded. 


Fig . 28 
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Figure 28.- Effect of elevator deflection on the variation of 
25 percent m. a. c. pitching-moment coefficient with angle of 
attack for configuration 8$ l^eo ^ ^ Reynolds 

number . 
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Fig. 29 a, b 



Note> Data for all other angles of attack fall between 
limits shown. 



Figure 29 - Variation of 50 percent m. a. c. pitching-moment 
coefficient with elevator deflection at several angles of attack 
for configuration 6$ %o^i • 


Fig . 30 
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Note: Data for all other angles of attack fall between limits 
shown. 

Figure 30. - Variation of 50 percent m. a. c. pitching -moment 
coefficient with elevator deflection at several angles of 
attack for configuration ^5 at U3 X 10^ 

Reynolds number. 
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Fig. 31 & 



Figure 3/. - Variation of 25 percent m. a. c. pitching-moment 
coefficient with elevator deflection at several angles of 
attack for configuration Bg WgQ Vj . 


coefficient, 


Fig . 31 b 
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(b) U3 X !0^ Reynolds number. 
Figure 3i. - Concluded . 
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Fig. 32 



Figure 32 - Variation of 25 percent m.a.c. pitching - moment 
coefficient with elevator deflection at severat angies of 
attack for configuration BsWg^Vg at U3 X 10^ Reynolds 
number . 


Fig. 33 
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Elevator deflection, 6,, deg. 



Elevator deflection, 6, , deg. 


Figure 33. - Experimental and theoretical effects of elevator 
deflection on tiff coefficient and 50 percent m.a.c. pitching- 
moment coefficient. 
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